Thirty-five American Type Culture Collection type strains of marine bacteria were used to evaluate the Rapid NFT system (API Analab Products, Plainview, N.Y.) for use in identifying heterotrophic marine bacteria. The 21 biochemical and assimilation tests on the Rapid NFT test strips were treated according to the manufacturer's protocol, which included use of AUX medium (provided with the Rapid NFT system) for preparing assimilation tests, and by substituting phenol red broth base (BBL Microbiology Systems, Cockeysville, Md.) with and without an oil overlay for the AUX medium. A seven-digit numerical profile was obtained for each NFT test strip from each of the three procedures and matched to its corresponding number in the Rapid NFT identification codebook. Also, all biochemical and assimilation test results were analyzed with SASTAXAN and SAS/GRAPH programs (SAS Institute, Inc., Cary, N.C.); similarity matrices were computed for all 35 strains. For comparison purposes, bacterial strains were grouped at a similarity level of 70%. The results indicated a low efficacy of identification for all three procedures. In addition, similarity matrix analysis showed more cohesive grouping based on results of phenol red broth base-treated strains than for the AUX medium provided by the manufacturer. However, none of the three treatments provided exclusive grouping of type strains at the genus level. Thus, the reliability of the data obtained from the NFT system and modifications thereof should be evaluated carefully when environmental isolates are characterized.
A detailed phenotypic characterization of bacterial strains, especially those from terrestrial and aquatic sources, is labor intensive. In many instances, the phenotypic traits are used in numerical taxonomic analyses to develop protocols for identifying particular types of bacteria (8, 10-14, 18, 19) . Many of the biochemical tests used for determining phenotypic characteristics of bacteria from aquatic and terrestrial habitats are based on those used in clinical bacteriology (1, 3) . Furthermore, efforts to expedite rapid characterization and identification of bacteria have yielded a variety of systems that allow simultaneous determination of numerous phenotypic characteristics. Although applicable to the majority of bacterial species routinely encountered in the clinical laboratory, multitest systems have also been used for characterizing environmental isolates (9, 13, 18) . One such system, the API Rapid NFT profile index (API Analab Products, Plainview, N.Y.), was designed to identify gram-negative nonfermentative bacteria such as species of Pseudomonas, Flavobacterium, and related genera. In addition, the NFT system allows for the identification of some nonenteric fermentative bacteria, such as Vibrio and Aeromonas spp.
The Rapid NFT test strip contains test substrates freezedried in 20 individual cupules; the substrates are rehydrated upon the addition of a bacterial suspension. There are nine enzymatic assays: NO3 reductase, tryptophanase, glucose fermentation, arginine dihydrolase, urease, esculin hydrolase, gelatinase, P-galactosidase, and cytochrome oxidase (which is performed independently). In addition, 12 During preliminary evaluation of the NFT system for identifying selected strains of marine bacteria (e.g., presumptive Vibrio spp.), we had difficulty in interpreting the results of the carbohydrate assimilation tests; a positive assimilation test is interpreted on the basis of the development of turbidity, indicating cell growth on a sole carbon source. However, the AUX medium used to inoculate assimilation tests is somewhat opaque, rendering unambiguous determination of results difficult. Therefore, we attempted to modify the system by substituting the AUX medium with a diluent containing phenol red (in the form of phenol red broth base) to allow for easier interpretation of results based on a pH-induced color change. The decision to use this type of modification was based on the observation that fermentative bacteria predominate in some regions of the oceans (5, 6, 15) . The results reported herein summarize our findings of studies designed to evaluate the rapid NFT system (and modifications) for rapid identification and characterization of culturable heterotrophic marine bacteria.
MATERIALS AND METHODS
Bacterial strains. Thirty-five type strains of marine bacteria, representing 12 (Table 1) . The total number of strains correctly identified for all three protocols was 17 (53.1%) of 32 strains (26 type strains plus duplicates) identifiable by the Rapid NFT system. Of these, 25% were correctly identified to the species level. In addition, 6 of the 32 strains were misidentified when the NFT codebook was used; 4 of these 6 were misidentified with the manufacturer's protocol, and 2 were misidentified with the PRBB and PRBBO modifications.
Approximately three-fourths (73.4%) of the 192 numerical profiles representing genera listed in the NFT codebook required computer assistance and were therefore submitted to API for further analysis (Table 1, computer match section;  Table 2 ). These profiles either could not be identified, or were designated as unacceptable, doubtful, or low-discrimination profiles by API. Ironically, some of the doubtful profiles did list possibilities for identification at low confidence levels (typically below an accuracy level of 50%), which correctly identified some type strains (Table 2) . For example, 4 of 32 strains tested with the AUX medium had numerical profiles designated as doubtful by API but provided correct identification of these type strains, albeit at 50% or lower confidence level. For the PRBB and PRBBO modifications, there were four and five strains, respectively, which were designated as doubtful, yet correct identifica- (Table 2) .
were Aeromonas hydrophila and 10 of the 60 were AeromoThe low efficacy of identification with the Rapid NFT nas sobria; both of these species are listed frequently in the system in this study is in contrast to the higher efficacy of API Rapid NFT codebook. identification obtained with the Rapid NFT system in other Because of the low percentage of correct identifications studies (10, 13, 14 (3, 4, 16, 19, 20 
, and low-discrimination (L) profiles are API designations which connote the following. Unacceptable indicates no matches in the API data base and that crucial tests are against the identification. Doubtful indicates that the isolate shares similarities with previously identified strains in the data base. These heretofore identified strains were listed by API as possible matches and typically had a frequency of correct identification less than 50%. Low-discrimination profiles offer possibilities for species identification between 50 and 70%. G and S indicate numerical profiles designated as doubtful but that identified the type strains at the genus or species level, respectively. Filled squares (U) and minus signs (-) represent numerical profiles already accounted for in the unacceptable category or in Table 1. used to draw conclusions on the genus or class of an cations of the Rapid NFT system do demonstrate obvious environmental isolate, based on its relative position in a homology within the genus Vibrio. The majority of the group or cluster with other bacteria (8, 16, 19, 20 (Table 3) . However, the results obtained from modifithis group and were related at the 50% similarity level (data The combined results from the three treatments (AUX, PRBB, and PRBBO) demonstrated an overall lack of reliability of the Rapid NFT system for identifying marine bacteria (Table 4) . Although the AUX medium yielded more correct identification of ATCC type strains than did the PRBB and PRBBO modifications of the Rapid NFT system (14 and 7 strains, respectively), the efficacy of identification for the manufacturer's protocol and for the modifications was very low: 43.8% for AUX and 21.9% for PRBB modifications.
Some plausible explanations for why the efficacy of identification is low for marine bacteria have been proposed by Austin (2) . Many phenotypic tests designed for medical microbiology may not be applicable to the genetic and functional diversity of bacteria found in the aquatic environment (1, 2) . Furthermore, the reproducibility of classical phenotypic tests may be low for marine bacteria, especially those containing plasmids whose expression may give inconsistent results for biochemical and morphological tests (1, 2) .
The API Rapid NFT system currently accommodates only 
